The anatomical safety of intramuscular injections at the deltoid and ventrogluteal sites has been investigated; however, the anatomical relationship between intramuscular injection sites in the thigh and major blood vessels and nerves remains unclear. We aimed to compare intramuscular injection sites in the rectus femoris and vastus lateralis with those at the deltoid and ventrogluteal sites and identify safe intramuscular injection sites in the thigh. Twenty-seven young adult volunteers were recruited, and the thicknesses of subcutaneous tissue and muscle as well as the number of blood vessels present were evaluated at two sites on the deltoid, ventrogluteal, and thigh using ultrasound equipment. The right thighs of 24 cadavers were used, and the thickness of muscle, number of blood vessels or nerves present, and the distance between each examined site and major blood vessels or nerves were evaluated in the rectus femoris and vastus lateralis. A major blood vessel was observed in the middle of the rectus femoris in young adults. In cadavers, the descending branch of the lateral circumflex femoral artery and muscle branch of the femoral nerves to the vastus lateralis were observed at the middle point, distal two-thirds point, and middle point between the middle and distal two-thirds points of the rectus femoris, but not at the middle of the vastus lateralis. The middle of the vastus lateralis is an appropriate site for intramuscular injections because of the low risk of vascular or nerve damage. The present results support good practices for site selection for intramuscular injections.
Introduction
Intramuscular (IM) injections are a technique used to deliver vaccines, hormonal agents, antibiotics, and high viscosity medication deep into the muscles of patients. 1 When considering IM injection sites, a clinician needs to select a site that is (1) a safe distance from nerves, large blood vessels, and bones, (2) free from injury, abscesses, tenderness, necrosis, abrasions, and other pathologies, and (3) sufficiently large to accommodate the volume of medication to be administered. 2 Based on these three conditions, deltoid, ventrogluteal, and thigh sites are considered to be safe and, thus, commonly used for IM injections.
The deltoid site has been used in clinical settings and is preferred in Japan because it is easily accessible for clinicians and also for patients to expose. 3 Since this area has a small mass, clinicians may only administer small amounts of medication. Although the site located at a one to three finger breadth below the acromion is generally recommended for an IM injection at the deltoid site, 4, 5 we previously reported that the site at a three finger breadth (approximately 5 cm) below the acromion was not acceptable for IM injections because it is close to the axillary nerve and posterior circumflex humeral artery (PCHA). 6, 7 Therefore, we proposed the intersection between the anteroposterior axillary line (the line between the upper end of the anterior axillary line and upper end of the posterior axillary line) and the perpendicular line from the mid-acromion as the most appropriate site for IM injections with a low risk of axillary nerve and PCHA damage (This site is shown in Figure 1 (A) in reference). 8 A ventrogluteal site is the most commonly used and recommended site for IM injections in adults and children of walking age because of the large muscle mass. This site is located away from the superior and inferior gluteal arteries as well as the sciatic and superior gluteal nerves, 9 and is also the least painful. 2 Hochstetter 10 initially suggested that this site was appropriate for IM injections. The V method is often used to identify IM injection sites in this area. 1, 11, 12 The V method is performed as follows: when the injection site is on the left side, the palm of the right hand is placed over the greater trochanter. The index finger is placed on the anterior superior iliac spine. The middle finger is then positioned towards the iliac crest. The index and middle fingers create a V-shape, and the injection site is in the middle of the V-shape. In Japan, the point of Clark is the most popular IM injection point at the ventrogluteal site. 13 This point is defined as the anterior one-third between the anterior and posterior superior iliac spines. However, the posterior superior iliac spine may be difficult to palpate when locating the point of Clark. Therefore, we previously established a novel IM injection point located at the intersection of the horizontal line from the anterior superior iliac spine and the perpendicular line from the middle portion of the trochanter major, and this novel point was shown to be as safe as the point of Clark with a low risk of damage to the superior and inferior gluteal artery as well as the sciatic and superior gluteal nerves. 9, [14] [15] [16] In Japan, IM injections into the thigh are rarely performed in adults because of the outbreak of quadriceps contracture among children in the 1970s. This outbreak was attributed to the repeated administration of antibiotics and antipyretics, and not to vascular or nerve damage. 17 Therefore, IM injections into the thigh may be used for Japanese adults. The vastus lateralis site is generally the preferred site for young infants, particularly those not yet walking. 18 Moreover, this site is often used by patients who self-administer IM injections because it is easy to access. 19 The middle third of the lateral thigh between the trochanter major and the knee is an injection site in the vastus lateralis and is not in close proximity to any major blood vessels or nerves. 2, 20 However, limited information is currently available on blood vessels or nerves traveling in IM injection sites in the vastus lateralis. Additionally, the rectus femoris (the middle third of the rectus femoris) is no longer a recommended site because it may cause discomfort and pain. 1, 2, 18 A previous study reported that one disadvantage of this site is that nerves and numerous blood vessels run very close to it. 21 Although blood vessels and nerves traveling close to or in IM injection sites in the deltoid and ventrogluteal sites have been extensively examined, 6, 7, 9, 15 those in the vastus femoris have not.
An evidence-based approach is needed for site selection for successful IM injections and the avoidance of vascular or nerve damage. In order to identify safe IM injection sites in the thigh, the anatomical relationship between IM injection sites and major blood vessels and nerves needs to be elucidated in more detail. Therefore, in the present study, we compared IM injections in the thigh to those at the deltoid and ventrogluteal sites in young adults, observed blood vessels and nerves traveling close to or in IM injection sites in the vastus lateralis and rectus femoris in cadavers, and clarified what site in the thigh is anatomically safe for IM injections.
Materials and methods

Study design and setting
This was a cross-sectional study that was conducted at a university in Japan. It commenced on August 18, 2017 and was completed on December 12, 2018.
Subjects
Thirty healthy volunteers participated in the present study and met the following inclusion criteria: age >17 y old, no history of buttock or upper/lower limb injury/surgery or neurological or muscular diseases of the buttocks or upper/ lower limbs, no allergies to the implements used in this study, and a body mass index (BMI) >17 and <30.
No history of neurological, vascular, or muscular disease was an inclusion criterion in cadavers. The embalmed right thighs of Japanese adult cadavers were examined macroscopically. All cadavers were supplied by body donation to Kanazawa University and consent had been obtained for their use for medical education and research. The present study was conducted during anatomy practice for medical students in 2018.
Young adults
Definition of examined sites All examined sites in males and females were defined by one male and two female nursing students who were trained by a medical doctor specializing in anatomy and a registered nurse acquiring basic nursing skills. The locations of all examined sites in the present study are shown in Figure 1 . Sites (a) to (e) are described in Figure 1 .
Two IM injection sites were defined in the deltoid muscle: (a) three finger breadths below the acromion, which is frequently used in clinical settings in Japan and (b) our original IM injection site (the point on the anteroposterior axillary line), which Figure 1 . Locations of six examined sites in young adults. A: In the deltoid muscle, three finger breadths below the mid-acromion (MA) was defined as (a), and the point on the anteroposterior axillary line (b) was defined as that located at the intersection of the perpendicular line from MA and the horizontal line between the upper end of the anterior axillary line (AAL) and upper end of the posterior axillary line (PAL). B: In the gluteus medius, the point of Clark (c) was defined as that located at the anterior one-third point between the anterior superior iliac spine (ASIS) and posterior superior iliac spine (PSIS), and the novel point on the gluteus medius (d) was defined as that located at the intersection of the horizontal line from ASIS and the perpendicular line from the middle portion of the trochanter major (TM). C: In the rectus femoris, the middle point of the rectus femoris (e) was defined as that located at the middle point between ASIS and the center of the patella (cPa). In the vastus lateralis, the middle point of the vastus lateralis (f) was defined as that located at the middle point between the TM and lateral epicondyle (LE).
was previously proposed as a safer site. 6, 8 All participants were seated with their arms in the anatomical position before the definition of the examined sites in the deltoid muscle. Site (a) was defined after the acromion on the right arm was identified and the digitus annularis in the left hand was placed on the inferior border of the acromion. Site (b) was defined as described in detail in our previous study. 8 In the ventrogluteal site, two IM injection sites were defined: (c) the point of Clark, which is located at the anterior one-third point between the anterior superior iliac spine and (d) our original IM injection site (a novel point on the gluteus medius), which was previously proposed as a safe site similar to the point of Clark. Site (d) was defined as described in detail in our previous studies. 14, 15 All participants were in the left lateral position with their legs in the anatomical position before the definition of the examined sites.
Two IM injection sites were defined in the thigh: (e) the middle point of the rectus femoris and (f) the middle point of the vastus lateralis because the middle third of these muscles has been recommended for IM injections in clinical settings 21, 22 and the middle points of these muscles correspond to the middle points of the middle third of these muscles. All participants were in the supine position with their legs in the anatomical position before the definition of the examined sites in the rectus femoris and vastus lateralis.
Data collection
Ultrasound equipment (Noblus, 18-5 MHz probe, Hitachi Aloka Medical Inc., Tokyo, Japan) was used to measure the thickness of subcutaneous tissue and muscle and detect blood vessels by three trained nursing students. Ultrasound images using the B-mode were obtained three times to evaluate the thicknesses of subcutaneous tissue and muscle. Compression by the probe against the skin was avoided and the probe was held at a 90°angle to the plane of the examined sites. Blood vessels were identified with the Doppler mode at (a) to (f), as shown in Figure 2 .
Cadavers
Definition of examined sites
All examined sites in males and females were defined by one medical doctor specialized in anatomy. The dissection and definition of the examined sites were performed in the supine position.
The locations of the four examined sites are shown in Figure 3 (B): (e) the middle point of the rectus femoris, (f) the middle point of the vastus lateralis, (g) the middle point between the middle of the rectus femoris and distal two-thirds point of the rectus femoris, and (h); the distal two-third points of the rectus femoris.
Data collection
Surface skin was removed and the rectus femoris and vastus lateralis were exposed by medical students. The four examined sites were marked using seals and needles (14 G) were perpendicularly inserted into each site until they made contact with the femur. The needle insertion length was expressed as the thickness of muscle. Dissections were subsequently performed by one medical doctor, and distances from major blood vessels or nerves were measured at each examined site using a tape measure (two direction arrows in Figure 3 (B)). The findings obtained were recorded with photographs. We defined anatomically safe sites as those located 1 cm from blood vessels and nerves in the present study.
Statistical analysis
Data on subcutaneous tissue and muscle thicknesses and distances from major blood vessels or nerves were expressed as the mean ± SD (minimummaximum). The thicknesses of subcutaneous tissue and muscle in young adults and distances from major blood vessels or nerves in cadavers were analyzed by the Kruskal-Wallis and Steel-Dwass tests, and the thickness of muscle in cadavers by an ANOVA and Tukey's HSD test using JMP12 (SAS Institute Inc., NC). Differences were considered to be significant at p < .05.
Ethical considerations
The present study was approved by the Kanazawa University Ethical Committee (Approval No. 784-1 and No. 834-1). Young adult participants were informed of the aim and benefits of this study before their inclusion. They were also informed that they were free to take part or not in the study as they chose. Written and verbal consent was obtained from all participants. All the cadavers were supplied by body donation and consent had been obtained for their use for education and research. Data obtained from subjects were only used for statistical analyses. 
Results
Subjects
Young adults
Thirty healthy volunteers were recruited. Three volunteers (two males and one female) were excluded based on BMI <17 or >30. Therefore, 27 participants were included in the present study. Thirteen participants (48.1%) were male, the average age was 22.7 ± 2.1 (19-28) y, and average BMI was 21.2 ± 3.6 (18.9-23.4). Fourteen participants (51.9%) were female, the average age was 22.3 ± 2.0 (21-29) y, and average BMI was 21.7 ± 5.1 (18.0-23.6).
Cadavers
Twenty-four subjects were recruited. Thirteen subjects (54.2%) were males and the average age was 83.4 ± 9.9 (66-98) y. Eleven subjects (45.8%) were female and the average age was 87.0 ± 11.4 (60-103) y.
Data obtained from young adults
Thickness of subcutaneous tissue Six examined sites were evaluated. As shown in Table 1 , mean subcutaneous thickness in males was not significantly different between any examined sites, whereas it was significantly greater in females at (e) and (f) than at (a) (p = .0009, p = .0042, respectively). Mean subcutaneous thickness was significantly greater at (e) than at (c) (p = .0499). The average thickness of subcutaneous tissue in males was within 10 mm at all examined sites, but was greater than 10 mm at all examined sites, except at (a), in females.
Thickness of muscle
The thickness of muscle was measured using ultrasound equipment. Since only the deltoid muscle was observed at the deltoid site, the deep fasciabone margin was measured as the thickness of the deltoid muscle ( Figure 2(A) , Table 2 ). At the ventrogluteal site, the gluteus minimus was observed under the gluteus medius in some participants. The deep fasciabone margin was measured as the total thickness of muscle, and the deep fasciafascia between the gluteus medius and gluteus minimus was measured as the thickness of the gluteus medius ( Figure 2 (B,C), Table S ). In the thigh, the rectus femoris and vastus intermedius were observed at (e), while the vastus lateralis and vastus intermedius were noted at (f). The deep fasciabone margin was measured as the total thickness of muscle in the thigh, and the deep fasciafascia between the rectus femoris or vastus lateralis and vastus intermedius was measured as the thickness of the rectus femoris or vastus lateralis (Figure 2(D) , Table 2 ). As shown in Table 2 , the thickness of muscle was significantly thicker at (e) than at (b) in females (p = .0254). In males, total thickness was significantly greater at (e) than at (a), (b), and (c) (p = .0004, 0.0004, and 0.0169, respectively), and total thickness was significantly greater at (f) than at (a) and (b) (p = .0007 and 0.0012, respectively). In females, total thickness was significantly greater at (e) than at (a), (b), (c), and (d) (p = .0001, 0.0001, 0.0025, and 0.0025, respectively), and total thickness was significantly greater at (f) than at (a), (b), and (c) (p = .0002, 0.0001, and 0.0190, respectively).
Observed major blood vessels
Major blood vessels were detected at (a), (c), (d), and (e) by the Doppler mode of ultrasound equipment. At the deltoid site, a blood vessel, which ran between the deltoid muscle and humerus, was observed in two females within a range of 1 cm at (a) (Figure 2(A) , Table 3 ), while no major blood vessel was noted at (b). At the ventrogluteal site, blood vessels, which ran between the gluteus medius and gluteus minimus, were observed in one male and one female at (c) and in one male at (d) (Figure 2(B,C) , Table 3 ). In the thigh, blood vessels were observed between the rectus femoris and vastus lateralis in seven males and eleven females at (e), while no major blood vessel was observed at (f) (Figure 2(D) , Table 3 ).
Data obtained from cadavers
Anatomy of major blood vessels and nerves in the anterior thigh Twenty-four right thighs were dissected because blood vessels were observed at the middle of the rectus femoris in many young adults. The profundal femoris artery, which is one branch of the femoral artery, gave off the lateral and medial circumflex femoral arteries in the proximal thigh. The lateral circumflex femoral artery (LCFA) passed horizontally and was divided into two branches; ascending and descending. The descending branch of LCFA (dbLCFA) ran downward behind the rectus femoris or on the vastus intermedius obliquely with veins and nerves to the vastus lateralis. It then descended along the border between the vastus intermedius and vastus lateralis and supplied muscles with a long branch that traveled through the muscle downward as far as the knee (Figure 3(A) ). The nerves accompanying dbLCFA on the vastus intermedius originated from the femoral nerve, and it was the muscle branch of the femoral nerve to the vastus lateralis (mbFN to VL). mbFN to VL descended obliquely to the border between the vastus lateralis and vastus intermedius and approximately passed through or around (e) (Figure 3(A,C,D) ).
As shown in (e) to (h) in Figure 3(B) , four points were examined in order to identify safe IM injection sites in the thigh in the following sections.
Thickness of muscle
The total thickness of muscle at four sites was measured by the insertion of a 14G needle (Table 4 ). No significant differences were observed between the examined sites.
Observed major blood vessels or nerves Needle insertion into dbLFCA or mbFN to VL was evaluated at all examined sites to assess the risk of vascular and nerve damage. No blood vessel or nerve was observed within the range of 1 cm at (f) (Figure 3(C) , Table 5 ). On the other hand, dbLCFA or mbFN to VL was observed at (e), (g), and (h). They were frequently observed at (e) (Figure 3(D) , Table 5 ).
Distance from major blood vessels or nerves
The average distance from dbLCFA or mbFN to VL was measured to identify safe IM injection sites in the thigh (Figure 3(B) ). As shown in Table 6 , in males, (f) was more distant from dbLCFA or mbFN to VL than (e), (g), and (h) (p = .0007, 0.0016, and 0.0012, respectively). Moreover, in females, (f) was more distant from dbLCFA or mbFN to VL than (e), (g), and (h) (p = .0004, 0.0015, and 0.0009, respectively), and (g) was more distant from dbLCFA and mbFN to VL than (e) in females (p = .0052).
The present results revealed that dbLCFA descended the anterior border of the vastus lateralis (the boundary line between the rectus femoris or vastus intermedius and vastus lateralis). This line corresponded to the line between the anterior superior iliac spine and the lateral border of the patella (Figure 3(E) ). In brief, the route of dbLCFA and mbFN to VL after reaching the vastus lateralis corresponded to the line between the anterior superior iliac spine and lateral patella.
Discussion
Many types of vaccines, such as diphtheria and tetanus toxoids, hepatitis B, and inactivated influenza vaccines, are administered by IM injections. These vaccines are necessary to prevent vaccine-preventable diseases that occur in infants, children, adolescents, and adults. When vaccinators inject vaccines, they need to be familiar with the anatomy of the area into which they are injecting the vaccine.
The present study compared IM injection sites in the thigh with those at the deltoid and ventrogluteal sites. In young male adults, mean subcutaneous thickness was less than 10 mm at all examined sites and its maximum value was 15 mm at (d), while it was between 8 and 13 mm at all examined sites in young female adults and its maximum value was 21 mm at (f) ( Table 1) . When an IM injection is performed, a 21 to 23 gauge (14G) needle is generally used. 23 The 23G, regular bevel 1.1/4 injection needle has a length of 32 mm. Hence, these needles completely penetrated subcutaneous tissue at all examined sites in the present study. The total thickness of muscle in males and females was greater in the thigh than at the deltoid and ventrogluteal sites. It is important to select the largest muscle for IM injections in order to avoid any disparity between muscle mass and the volume of injected fluid. 24 Hence, large volumes of medication and repeated injections may be performed at the thigh.
Major blood vessels were detected at (a), (c), (d), and (e) by Doppler ultrasonography (Figure 2 ). In the deltoid site, we previously reported that an IM injection at three finger breadths below the acromion (approximately 5 cm below the acromion) was associated with a risk of axillary nerve and PCHA damage because the axillary nerve with the accompanying PCHA is located 3.1 to 7.4 cm below the acromion 6, 25, 26 and in close contact with the deep surface of the deltoid muscle. 7 Based on previous findings, a major blood vessel, which was observed at (a) in the present study, was PCHA. Therefore, the site of three finger breadths below the acromion needs to be avoided for use as an IM injection site. On the other hand, there were no blood vessels at (b) ( Table 3 ). The point on the anteroposterior axillary line is distant to PCHA. 6, 8 Therefore, we recommend the point on the anteroposterior axillary line when IM injections are performed at the deltoid site. At the ventrogluteal site, we previously attempted to identify safe sites for IM injections at (c) and (d). 9, [14] [15] [16] In these studies, we found that the superior and inferior branches of the super gluteal artery or vein (SGB) ran in a V-sharp, sandwiching these two points, and the SGB was observed at (c) and (d) in some participants. Hence, we confirmed that the blood vessel observed in the present study was the superior and inferior branches of the SGB. The numbers of blood vessels observed at (c) and (d) were 2 and 1, respectively, in the present study (Table 3) , and this result is consistent with our previous findings. 14 The present study showed that the novel point on the gluteus medius is as safe as the point of Clark. In the thigh, major blood vessels were observed at (e) in 7 males and 11 females young adults ( Table 3 ). The number of observed blood vessels was higher at (e) than at the other examined sites. In cases in which a needle does not completely penetrate the rectus femoris, dbLCFA or mbFN to VL is not damaged and IM injections may be performed at this site; however, the minimum value of the thickness of the rectus femoris was only 15 mm in young female adults and may be smaller in the elderly. Therefore, the middle point of the rectus femoris is not recommended as a safe IM injection site because of dbLCFA or mbFN to VL injuries. The right thighs of 24 cadavers were dissected to identify blood vessels observed at (e) by Doppler ultrasonography in young adults. The results obtained showed that dbLCFA and mbFN to VL were frequently observed at (e) in cadavers ( Table  5 , Figure 3(D) ). LCFA generally arises from the profunda femoris artery, and divides into three branches: ascending, transverse, and descending branches. 27 dbLCFA supplies a long branch and descends in the vastus lateralis to the knee accompanied by the nerve to the vastus lateralis. 28 The route of the observed blood vessels at the examined sites in the thigh in the present study was consistent with that of dbLCFA. Therefore, we confirmed that the observed blood vessels at the examined sites were dbLCFA. Moreover, mbFN to VL was detected at (e), (g), and (h) in the thigh. The femoral nerve classically has three main divisions: the nerve to the pectineus, anterior, and posterior divisions. 28 The posterior division gives the saphenous nerve and muscular branches to the quadriceps femoris. A large branch to the vastus lateralis forms a neurovascular bundle with the descending branch of LCFA in its distal part. In the present study, the observed nerves at (e) originated from the femoral nerves and supplied the vastus lateralis. Therefore, we confirmed that the observed nerves at the examined sites were mbFN to VL.
Previous studies recommended the rectus femoris as an IM injection site when other sites are contraindicated because of discomfort, pain, and injuries to a nerve and numerous blood vessels. 2, 21 In the present study, we showed for the first time that dbLCFA and mbFN to VL were frequently observed at (e), (g), and (h) in the rectus femoris (Table 5 ). Therefore, IM injections into the rectus femoris need to be avoided because of the risk of dbLCFA and mbFN to VL injuries. Moreover, we found that the route of dbLCFA and mbFN to VL after reaching the vastus lateralis was on the line between the anterior superior iliac spine and lateral border of the patella. We may visualize the route of dbLCFA and mbFN to VL on surface skin using this approach before IM injections. On the other hand, the present study showed that no major blood vessel or nerve was observed at (f) and this site was sufficiently far from dbLCFA and mbFN to VL (Tables 5 and 6 ). Previous studies recommended the middle third of the vastus lateralis as an IM injection site because of its ease of access and, more importantly, the absence of major blood vessels or significant nerves. 2, 29, 30 The present results support these findings. We recommend the middle of the vastus lateralis as a safe injection site with a low risk of dbLCFA and mbFN to VL injuries. We consider the present results to be beneficial as an evidence-based approach towards site selection for successful IM injections and the avoidance of vascular or nerve damage.
In conclusion, the present results demonstrated that the rectus femoris is not appropriate as a safe IM injection site because of the risk of damage to the descending branch of the LCFA and the muscle branch of the femoral nerve to the vastus lateralis. The middle of the vastus lateralis is an appropriate site for IM injections because it is distant from the descending branch of the LCFA and the muscle branch of the femoral nerve to the vastus lateralis.
Limitations to the study
This study was limited in terms of the number of subjects, normal BMI, and age. Regarding obese subjects, we cannot confirm whether the vastus lateralis is a safe IM injection site because we did not examine the subcutaneous thickness of obese subjects or whether needles used for IM injections penetrate their subcutaneous tissue and reach muscle. Regarding age, we did not obtain any data on the location of dbLCFA and mbFN to VL or subcutaneous thickness in infants, toddlers, children, and young adults. We also did not directly compare data between volunteers and cadavers or generalize results obtained for all ages and ethnicities. Largescale studies are needed to examine safe IM injection sites in obese and individuals of various ages. Further studies are needed to support the present results.
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